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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] . 
[0001] 

[Field of the Invention] This invention relates to the member which covered the diamond-like carbon 
film used for various members which need abrasion resistance and shock resistance, such as various 
metal mold and a tool. 
[0002] 

[Description of the Prior Art] The diamond-like carbon film (DLC film) manufactured by the gaseous- 
phase method has a high degree of hardness, and since coefficient of friction is low, it is excellent in 
abrasion resistance and endurance. Moreover, the goods of an arbitration configuration can be covered. 
Therefore, it may be used for metal mold, a tool, etc. which need abrasion resistance, and effectiveness 
may be acquired by the improvement in a life. 

[0003] However, although surface wear will be prevented if the DLC film is covered, the DLC film has 
the problem of the adhesion force over steel, such as a metal, for example, tool steel, and stainless steel, 
cemented carbide, or an aluminium alloy being weak, and being easy to exfoliate in an operation of 
external force from a base material. Therefore, the base material quality of the material and the 
application which can be used were restricted considerably. The above-mentioned iron system 
ingredient etc. is used for metal mold, a tool, etc., an application is large and it is important to raise the 
adhesion to the base material of the DLC film formed in the front face of these base materials because of 
endurance and the improvement in a life. 

[0004] Then, some attempts which improve adhesion are made by making various interlayers intervene 
between a base material and the DLC film. 

[0005] for example, to JP,61-104078,A the [ periodic-table ] - the carbide of a 4A-6A group (four to 6 
group) metal, carbon nitride, a carbonation object, a charcoal nitric oxide, charcoal boride or the carbide 
of Si, and carbon nitride (all are nonstoichiometric compounds) - Or the interlayer of the monolayer 
formed by these mutual solid solutions, or a multiplex layer, And considering as the layer of a 
configuration of having considered the interlayer as the two-layer configuration, having used the DLC 
film side as the layer of the same configuration as the above, and having used the base material side as 
the monolayer or multiplex layer formed by the carbide, the nitride, the oxide, the borides, or these 
mutual solid solutions of periodic-table 4A - 6A group metal is indicated. Moreover, the interlayer who 
becomes a JP,62-1 16767,A (JP,6-60404,B) official report from the lower layer which makes a subject 
the chromium or titanium by the side of a base material, and the upper layer which makes a subject the 
silicon or germanium by the side of the DLC film is indicated. JP,5-31 1444, A ~ the [ by the side of a 
base material / periodic-table ] - the interlayer who did the laminating of the layer of the hard 
compound film which consists of the carbide, the nitride, or ******** 0 f a 4A-6A group metal, and the 
layer of the silicone film by the side of the DLC film or the germanium film is indicated. Moreover, the 
interlayer who consists of amorphous mixture of silicon and carbon is indicated by JP,5-124875,A. 
Furthermore, the interlayer who consists of carbide of Ti, Cr, Hf, B, or Si is indicated by JP,2-1 20245 ,A, 
and it is in it. 
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[0006] However, it cannot yet say that the adhesion force of a base material and the DLC film is enough 
about them, for example, when the shocking force joins the metal mold which the foreign matter mixed 
in metal mold at the time of molding, and covered the DLC film and an interlayer, there is a problem 
that the improvement in a life cannot be achieved so that the DLC film and an interlayer may exfoliate 
from a metal mold base material and may consider. 

[0007] Moreover, although the adhesion force of a comparatively high base material and the DLC film 
is acquired in a JP,62-1 16767,A (JP,6-60404,B) official report and JP,5-31 1444,A, in order to carry out 
two-layer formation of the interlayer, the yield is bad, a throughput becomes long and the problem of 
being inferior to productivity also has it. 
[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is in the member which 
covered diamond-like carbon films, such as metal mold and a tool, to raise the adhesion of a base 
material and a diamond-like carbon film, raise the life, and also raise productivity further. 
[0009] 

[Means for Solving the Problem] The above-mentioned purpose is attained by following this invention. 
[0010] (1) It is the member which covered the diamond-like carbon film on the base material, between a 
base material and diamond-like carbon films - an interlayer — having — an interlayer ~ the [ periodic- 
table ] ~ the silicide of 5 A group (five groups) metal (V, Nb, Ta) - the [ these silica carbide and 
periodic-table ] — the member which covered the diamond-like carbon film containing any one or more 
sorts of the silicides of 6A group (six groups) metal (Cr, Mo, W), these silica carbide, the silicide of Ti, 
the silica carbide of Ti, the silicide of Zr, and the silica carbide of Zr. 

(2) The member which covered the diamond-like carbon film of the above (1) which is 0.3<=a<=10, 
0<=b<=5, and 0.3 <=a+b<=10 when said interlayer^ presentation is expressed as MSiaCb (however, M 
is any one or more sorts of V, Nb, Ta, Cr, Mo, W, Ti, and Zr). 

(3) The member which covered the above (1) said base material side has many any one or more sorts of 
V, Nb, Ta, Cr, Mo, W, Ti, and Zr as for said whose interlayer, and he has inclination structure with 
much Si and/or C in said diamond-like carbon film side, or the diamond-like carbon film of (2). 

(4) The member which covered one diamond-like carbon film of above-mentioned (1) - (3) said whose 
base materials are stainless steel, SKS and SKD, cemented carbide, Stellite, SNCM, or DC53. 

(5) said - a diamond - ** — a carbon film - a base - a presentation - CHxSiyOzNvFw - ** - having 
expressed ~ the time — a mole ratio — expressing — x — y ~ z ~ v — w — respectively - 0.05 ~ <= - x - 

- <= - zero . - seven - zero - <= ~ y - <= - 3.0 - zero - <= - z - <= - 1 .0 - zero - <= ~ v - <= ~ 
1.0 - zero - <= - w - <= - 0.2 - it is - the above - (-- one --) - (- four --) - either - a diamond - ** 

- a carbon film - having covered - a member . 
[0011] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. 
[0012] The member which covered the diamond-like carbon film (DLC film) of this invention The 
interlayer is prepared between a base material and the DLC film. This interlayer the [ periodic-table ] — 
the silicides of 5 A group (five groups) metal (V, Nb, Ta), and these silica carbide — the [ periodic-table ] 

- any one or more sorts of the silicides of 6A group (six groups) metal (Cr, Mo, W), these silica carbide, 
the silicide of Ti, the silica carbide of Ti, the silicide of Zr, and the silica carbide of Zr are contained. 
[0013] By preparing such an interlayer, when the adhesion of the base material and DLC film which 
make steel materials etc. the quality of the material improves markedly, for example, this invention is 
applied to metal mold or a tool, the life becomes remarkably long. This is considered to be obtained by 
each firm adhesion between the above-mentioned interlayer and the DLC film between a base material 
and the above-mentioned interlayer. the [ periodic-table ] - the [ 5A group (five groups) metal (V, Nb, 
Ta) and periodic-table ] - especially when only 6A group (six groups) metal (Cr, Mo, W), and Ti or Zr 
is made into an interlayer, the adhesion of an interlayer and the DLC film is low, especially when only 
silicon is made into an interlayer, the adhesion of an interlayer and a base material is low, and the 
effectiveness of this invention is not acquired. Improvement in remarkable adhesion and reinforcement 
are possible by using both together, moreover, it is indicated by a JP,62-1 16767, A (JP,6-60404,B) 
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official report and JP,5-31 1444,A - as - an interlayer two-layer - carrying out - a base material side 
~ the [ periodic-table ] — if the upper layer which makes silicon a subject for the lower layer which 
makes a 4A-6A group metal a subject at a DLC film side is prepared, comparatively good adhesion will 
be acquired, but by making one layer contain both, since the interface of an interlayer's upper layer and a 
lower layer is lost, the firm adhesion beyond it is acquired. 

[0014] And in this invention, since what is necessary is not to carry out two-layer formation of the 
interlayer, and just to carry out 1 stratification like a JP,62-116767,A (JP,6-60404,B) official report and 
JP,5-31 1444,A, there are few production processes, and they are excellent in the yield and a throughput, 
and there is an advantage that productivity is high. 

[0015] First, the interlayer of this invention prepared on a base material is explained. 
[0016] an interlayer - the [ periodic-table ] ~ the [ silicide / of 5 A group (five groups) metal (V, Nb, 
Ta) /, these silica carbide, and periodic-table ] ~ any one or more sorts of the silicides of 6A group (six 
groups) metal (Cr, Mo, W), these silica carbide, the silicide of Ti, the silica carbide of Ti, the silicide of 
Zr, and the silica carbide of Zr are contained, the time of expressing an interlayer's presentation as 
MSiaCb (however, M being any one or more sorts of V, Nb, Ta, Cr, Mo, W, Ti, and Zr) - 0.3<=a<=10 - 
- desirable - K=a<=6 and 0<=b<=5 - desirable - 0<=b<=3 and 0.3 <=a+b<=10 - it is 1 <=a+b<=6 
preferably. If a is larger than this and silicon increases in number, the adhesion force with a base 
material will worsen. If a is smaller than this and silicon decreases, the adhesion force with the DLC 
film will worsen. If b is larger than this and carbon increases in number, the adhesion force with a base 
material will worsen. If b is smaller than this and carbon decreases, the adhesion force with the DLC 
film will worsen. Moreover, even if a+b is larger than this, the adhesion force with a base material 
worsens, and even if a+b is smaller than this, the adhesion force with the DLC film worsens. 
[0017] The metal M to be used is any one or more sorts of V, Nb, Ta, Cr, Mo, W, Ti, and Zr, and may 
use two or more sorts together. It is desirable to use Ti, Ta, V, Cr, and Mo especially, and it is desirable 
to use Ti and Ta especially. 

[0018] Moreover, the base material ingredient may be spread in near a base material interface, and the 
constituent of the DLC film may be spread in near the interface of the DLC film. 
[0019] In addition to this, the interlayer may contain hydrogen below 20 atom % preferably below 25 
atom %. If the content of hydrogen exceeds this, the adhesion force with a base material will worsen. 
[0020] Moreover, with [ the interlayer of this invention ] such a presentation as the whole average, he 
may have a concentration gradient in the direction of thickness, a base material side has many any one 
or more sorts of V, Nb, Ta, Cr, Mo, W, Ti, and Zr, and it is desirable to have inclination structure with 
much Si and/or C in a DLC film side. If a base material side has many any one or more sorts of V, Nb, 
Ta, Cr, Mo, W, Ti, and Zr, the adhesion over an interlayer's base material will improve further, and if a 
DLC film side has much Si and/or C, the adhesion over an interlayer's DLC film will improve further. 
Therefore, the above inclination structures, then lives become longer about an interlayer. When the 
average of a presentation of the narrower one from the interface which touches a base material 
especially to lOnm or 1/2 of thickness expresses MSiaCb, it is desirable that it is 0 <=a+b<=5. 
Moreover, when the average of a presentation of the narrower one from the interface which touches the 
DLC film to lOnm or 1/2 of thickness expresses MSiaCb, it is desirable that it is 1 <=a+b. However, M 
expresses any one or more sorts of V, Nb, Ta, Cr, Mo, W, Ti, and Zr. 
[0021] Such an interlayer is usually in an amorphous condition. 

[0022] an interlayer ~ 20A(2nm) -Smicrometer it is thickness - desirable - further « 50A(5nm) - 
1 micrometer It is desirable that it is thickness. Adhesion improves by considering as such thickness. On 
the other hand, if too thick [ when an interlayer is too thin the effectiveness of the improvement in 
adhesion becomes less enough, and ], shock resistance will worsen. 

[0023] The middle class of this invention can form with CVD methods, such as PVD, such as vacuum 
evaporation technique, a spatter, and the ion plating method, a heat CVD method, a plasma-CVD 
method, and an optical CVD method. Moreover, you may form by wet plating, thermal spraying, clad 
junction, etc. Specifically, it is based on a well-known approach. 

[0024] Especially, as for the interlayer of this invention, forming by the spatter is desirable. In this case, 
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an interlayer is formed by adding high-frequency power, alternating current power, or direct current 
power, carrying out the spatter of the target using the target according to the target presentation, and 
carrying out sputter deposition of this on a base material (substrate). 

[0025] Although what is necessary is just to usually use the thing of the same presentation as an 
interlayer, a target is good also as plural spatters which use a metal and Si, such as Ta, as a target, and 
when introducing C and Si by the reactant spatter, the target which does not contain the component can 
be used for it. 

[0026] The inert gas used for the usual sputtering system can be used for sputtering gas. It is desirable to 
use Ar, Kr, Xe, or the mixed gas containing at least one or more sorts of these gas especially. 
[0027] Moreover, a reactant spatter may be performed, and as reactant gas, in introducing carbon and 
introducing silicon using CH4, C two H2, C two H4, CO, etc., it uses silane gas etc. Moreover, in 
introducing hydrogen, it uses H2 grade. These reactant gas may be used independently, or may mix and 
use two or more sorts. 

[0028] The working pressure at the time of a spatter has the desirable range of 0.002 - O.STorr. 

Moreover, the interlayer who has a concentration gradient can be easily obtained by being said within 

the limits and changing the pressure of sputtering gas during membrane formation. 

[0029] DC spatter may be used, using the RF spatter using RF power source as a spatter. As power of a 

sputtering system, 50kHz - 1MHz and about two 0.5 - 30 W/cm are [ in DC spatter ] desirable in the 

frequency of l-50MHz, and low frequency at about two 0.5 - 30 W/cm and a RF spatter. 

[0030] A membrane formation rate has the desirable range of 1 - 300 nm/min. 

[0031] Moreover, as for substrate temperature, it is desirable that it is 10-150 degrees C. 

[0032] Moreover, the interlayer of this invention may form with vacuum deposition. As vacuum 

deposition, it may be a resistance heating method or you may be an electron-beam-heating method. Even 

if it is the 2 yuan vacuum evaporationo which uses a metal and Si, such as Ta, for the source of vacuum 

evaporationo, you may be the 1 yuan vacuum evaporationo using the thing of the same presentation as 

an interlayer. What also has 1 yuan vacuum evaporationo almost the same as that of the presentation of 

the source of vacuum evaporationo is stabilized with time, and it is obtained. 

[0033] Although especially the conditions of vacuum deposition are not limited, especially a degree of 
vacuum has 10 to 6 or less desirable Torrs 10 to 5 or less Torrs. A membrane formation rate usually has 
desirable 1 - 300 nm/min extent. 

[0034] Moreover, an interlayer can form also with a plasma-CVD method and ionization vacuum 
deposition, refers to the DLC film later mentioned in that case, and should just form membranes. 
[0035] From the point of productivity etc., although an interlayer prepares only one layer, he does not 
usually matter as a multilayer configuration depending on the case. What is necessary is just to make it 
become the thickness of the above-mentioned range in total, when considering as a multilayer 
configuration. 

[0036] Next, the diamond-like carbon film prepared on the above interlayers is described. 
[0037] The diamond-like carbon (DLC:Diamond Like Carbon) film may be called a diamond Mr. 
carbon film, i-carbon film, etc. The diamond-like carbon film is indicated by JP,62-145646,A, a 62- 
145647 official report, New Diamond Forum, volume [ 4th ] No. 4 (October 25, Showa 63 issue), etc., 
for example. 

[0038] In Raman spectroscopic analysis, the diamond which has the peak of the broadcloth Raman 
( 1520-1 560cm- 1) absorption in 1550cm-l, and has a sharp peak in 1333cm-l, and the graphite which 
has a sharp peak in 1581cm-l are matter which has clearly different structure as the DLC film is 
indicated by the above-mentioned reference (New Diamond Forum). 

[0039] The DLC film is a thin film in the amorphous condition of using carbon and hydrogen as a 
principal component, and when sp3 association of carbon exists at random, it is formed. Atomic ratio 
C:H of the DLC film is usually 95 to 60:5 to about 40. 

[0040] In this invention, l-10000nm of thickness of the DLC film is usually 10-3000nm preferably. 
[0041] In addition to carbon and hydrogen, the DLC film may contain one sort of Si, N, O, and F, or two 
sorts or more. In this case, when a basic presentation is expressed as CHxSiyOzNvFw, as for the DLC 
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film, it is desirable that x showing a mole ratio, and y, z, v and w are 0.05<=x<=0.7, 0<=y<=3.0, 
0<=z<=1.0, 0<=v<=1.0, and 0<=w<=0.2, respectively. 

[0042] the absorption peak in the Raman spectroscopic analysis of the DLC film - above - 1550cm-l 
broadcloth (1520-1560cm-l) - although it has absorption, it may change about [ **100cm - ] one by 
containing the above-mentioned elements other than carbon and hydrogen after this 
[0043] The DLC film can be formed by the plasma-CVD method, ionization vacuum deposition, a 
spatter, etc. 

[0044] When forming the DLC film by the plasma-CVD method, membranes can be formed by the 
approach indicated by JP,4-41672,A etc. Although the plasma in a plasma-CVD method may be any of a 
direct current and an alternating current, it is desirable to use an alternating current. As an alternating 
current, it is usable from several Hertz to microwave. Moreover, the ECR plasma indicated by the 
diamond thin film technology (united engineering center issue) etc. is also usable. Moreover, bias 
voltage may be impressed. 

[0045] When forming the DLC film by the plasma-CVD method, it is desirable to use the following 
compound for material gas. 

[0046] As a compound containing C and H, hydrocarbons, such as methane, ethane, a propane, butane, a 
pentane, a hexane, ethylene, and a propylene, are mentioned. 

[0047] As a compound containing C, H, and Si, there are methylsilane, dimethylsilane, trimethylsilane, 
a tetramethylsilane, diethylsilane, a tetraethyl silane, a tetrabuthyl silane, dimethyl diethylsilane, 
tetraphenylsilane, a methyl triphenyl silane, a dimethyl diphenyl silane, trimethyl phenylsilane, 
trimethylsilyl-trimethylsilane, trimethylsilylmethyl-trimethylsilane, etc. These may use together and 
may use a silane system compound and a hydrocarbon. 

[0048] As a compound containing C+H+O, there are CH30H, C2H50H, HCHO, and CH3COCH3 
grade. 

[0049] As a compound containing C+H+N, there are cyanidation ammonium, a hydrogen cyanide, 
monomethylamine, dimethylamine, allylamine, an aniline, diethylamine, an acetonitrile, an azo 
isobutane, a diaryl amine, ethyl azide, MMH and DMH, a triaryl amine, a trimethylamine, triethylamine, 
a triphenylamine, etc. 

[0050] In addition, the source of O or the source of ON, the source of N, the source of H, etc. may be 
combined with the compound containing Si+C+H, Si+C+H+O, or Si+C+H+N etc. 
[0051] As a source of O, as 02, 03 grade, and a source of C+O, as CO and C02 grade and a source of 
Si+H As SiH4 grade and a source of H, as H2 grade and a source of H+O H20 etc. as a source of N As 
a source of N2 N+H, the compound of N and O which can be displayed by NOx, such as NO, N02, and 
N20, may use OF2, 02F2, and 03F2 grade as NH4F grade and a source of O+F as (CN)2 grade and a 
source of N+H+F as a source of N+C as NH3 grade and a source of N+O. 

[0052] What is necessary is just to determine the flow rate of the above-mentioned material gas suitably 
according to the class of material gas. Working pressure is 0.01 - 0.5Torr, and, as for injection power, 
about 10W-5kW is usually desirable. 

[0053] The DLC film may be formed with ionization vacuum deposition. Ionization vacuum deposition 
is indicated by JP,58-174507,A, JP,59-174508,A, etc. However, as long as acceleration of the ionization 
gas for raw materials instead of the approach indicated by these and the thing restricted to equipment is 
possible, the ion vacuum evaporationo technique of other methods may be used. As a desirable example 
of the equipment in this case, the thing of the ion rectilinear-propagation mold indicated by JP,59- 
174507,U or an ion deviation mold can be used, for example. 

[0054] Let the inside of a vacuum housing be a high vacuum to 10-6Torr extent in ionization vacuum 
deposition. The filament which is heated by AC power supply in this vacuum housing, and generates a 
thermoelectron is prepared, this filament is surrounded, a counter-electrode is arranged, and an electrical 
potential difference Vd is given between filaments, moreover, the electromagnetism which encloses a 
filament and a counter-electrode and generates the field of business in slight ionization gas closing depth 
— the coil is arranged. Material gas collides with the thermoelectron from a filament, and produces the 
pyrolysis ion and electron of plus, and this plus ion is accelerated with the negative potential Va 
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impressed to the grid. A presentation and membraneous quality are changeable by adjusting the field of 
this Vd, Va, and coil. Moreover, bias voltage may be impressed. 

[0055] What is necessary is just to use the same thing as a plasma-CVD method for material gas, when 
forming the DLC film with ionization vacuum deposition. What is necessary is just to determine the 
flow rate of the above-mentioned material gas suitably according to the class. 0.01 - O.STorr extent of 
working pressure is usually desirable. 

[0056] The DLC film can also be formed by the spatter, in this case, the sputtering gas for spatters, such 
as Ar and Kr, ~ in addition, while introducing the gas of 02, N2, NH3 and CH4, and H2 grade as 
reactant gas C, Si, Si02, and Si3 - using N4, SiC, etc. as a target **** - C, Si, Si02, and Si3 - the 
hybrid presentation of N4 and SiC may be used as a target, or two or more targets which contain C, Si, 
N, and O depending on the case may be used. Moreover, it is also possible to use a polymer as a target. 
The DLC film is formed by impressing high-frequency power, alternating current power, or direct 
current power using such a target, carrying out the spatter of the target, and carrying out sputter 
deposition of this on a substrate. RF spatter power is usually about 50W-2kW. 10-5 - 10-3Torr of 
working pressure are usually desirable. 

[0057] In this invention, since the DLC film is used for the member as which the member which force, 
such as metal mold and tools, joins, for example, i.e., shock resistance, and abrasion resistance are 
required as a base material with which the DLC film is covered through an interlayer, if it can become 
the component of such a member, there will be especially no limit. As such a component, there is an 
ingredient of various metal systems and cermets including steel or a nonferrous metal etc. are 
mentioned. As steel, there are stainless steel ropes (JIS:SUS 303, 304, 316, 420J, and 440C and 
ELMAX,. STAVAX, etc.), a tool rope (JIS:SK2, SKH and SKS 2,3,4, and 11,SKD 11 and 61, and 
DC53 grade), alloy ropes (JIS:SCM, SNCM, SNC, SCr, etc.), a dice rope, etc. Moreover, as a 
nonferrous metal, there are an aluminium alloy, copper alloys (phosphor bronze, nickel silver, etc.), a 
titanium alloy, a Magnesium alloy, cemented carbide (M a JIS:S kind, G sorts, D kind, and 45, 46, 63 S 
grade), Stellite, etc. Also in these, it is desirable to use various kinds of stainless steel, SKS and SKD, 
cemented carbide, Stellite, SNCM(s), and DC53. 

[0058] According to the purpose, an application, etc., it is used by making such a base material into 

various configurations. 

[0059] 

[Example] Hereafter, the concrete example of this invention is shown and this invention is further 
explained to a detail. 

[0060] The tool rope SKS2 (JIS) was used for the <example 1> base material. 

[0061] First, the interlayer was formed in thickness of 300nm by membrane formation rate 10 nm/min 

by the RF (RF) spatter by using TiSi2 as a target on the base material. The sputtering gas at this time is 

ArlOsccm, and working pressure was set to 0.07Torr(s). Moreover, injection power was set to 500W on 

the frequency of 13.56MHz. The presentation of the interlayer who formed membranes was the same as 

the target. Moreover, it turned out that an interlayer is in an amorphous condition from X-ray 

measurement. 

[0062] And the DLC film was formed by the plasma-CVD method on this interlayer. That is, as material 
gas of the compound containing Si, C, H, and O, Si (OCH3)4 was introduced by flow rate 5SCCM, and 
CH4 was introduced in flow rate 6SCCM. As an alternating current for plasma generating, RF500W 
were added by operating pressure 0.05Torr, membranes were formed so that it might become 1 
micrometer of thickness in self-bias-400V, and the DLC film was ****(ed). The presentation of the 
DLC film was CH0.17Si 0.1 00.17. 

[0063] Thus, scratch reinforcement was evaluated about the sample of the member which covered the 
obtained DLC film. It sets to a scratch testing machine (CSRmade from RHESCA- 02), and scratch 
reinforcement is 15 micrometers. It examined using the diamond indenter and asked for reinforcement 
when layer exfoliation arises. The result is shown in Table 1. 
[0064] 
[Table 1] 
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[0065] The sample of the member which changed the <examples 2-17> target, an interlayer f s 
presentation was changed as shown in Table 1, and also covered the DLC film like the example 1 was 
obtained, and scratch reinforcement was evaluated like the example 1 . The result is shown in Table 1 . 
[0066] In addition, it turned out that each interlayer is in an amorphous condition from X-ray 
measurement. 

[0067] The sample of the member which the <example 1 of comparison> interlayer was not prepared, 
and also covered the DLC film like the example 1 was obtained, and scratch reinforcement was 
evaluated like the example 1. The result is shown in Table 2. 

[0068] The sample of the member which changed the <examples 2-8 of comparison> target, an 
interlayer ! s presentation was changed as shown in Table 2, and also covered the DLC film like the 
example 1 was obtained, and scratch reinforcement was evaluated like the example 1 . The result is 
shown in Table 2. 
[0069] 
[Table 2] 
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[0070] Consider the <examples 9-13 of comparison> interlayer as a two-layer configuration, and the 
interlayer 1 of a presentation as shown in Table 3 on a base material is formed in thickness of 150nm by 
the spatter. The sample of the member which the interlayer 2 of Si was moreover formed in thickness of 
150nm by the spatter, and also covered the DLC film like the example 1 was obtained, and scratch 
reinforcement was evaluated like the example 1. The result is shown in Table 3. 
[0071] 

[Table3] 
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[0072] By using the middle class of this invention, scratch reinforcement is large and the effectiveness 
of the improvement in adhesion of a base material and the middle class and the improvement in 
adhesion of the middle class and the DLC film is clearer than Tables 1-3. In the member using the 
middle class who contains Ti, Ta, V, Cr or Mo especially Ti, and/or Ta and Si especially, scratch 
reinforcement is large and it turns out that it becomes long lasting. 

[0073] Moreover, although the interlayer's scratch reinforcement was larger than the member of the 
examples 2-8 of a comparison of one layer, in order to carry out two-layer formation of the interlayer, 
from this invention, it was weaker than the thing of this invention, and the member of the examples 9-13 
of a comparison which made the interlayer two-layer had a bad yield, and the throughput became long 
and it was still inferior to productivity in it. 

[0074] The sample of the member which a <example 18> interlayer ! s presentation was changed as 

shown in Table 4, and also covered the DLC film like the example 5 was obtained, and scratch 

reinforcement was evaluated like the example 1. The result is shown in Table 4. 

[0075] The sample of the member which the <examples 14 and 15 of comparison> interlayer's 

presentation was changed as shown in Table 4, and also covered the DLC film like the example 5 was 

obtained, and scratch reinforcement was evaluated like the example 1 . The result is shown in Table 4. 

[0076] 
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[0077] The member of few examples 14 of a comparison of Si and the member of the example 15 of a 
comparison with much Si of scratch reinforcement were weaker than the presentation of this invention. 
[0078] The sample of the member which a <examples 19 and 20> interlayer's presentation was changed 
as shown in Table 5, and also covered the DLC film like the example 9 was obtained, and scratch 
reinforcement was evaluated like the example 1. The result is shown in Table 5. 
[0079] The sample of the member which the <examples 16 and 17 of comparison> interlayer's 
presentation was changed as shown in Table 5, and also covered the DLC film like the example 9 was 
obtained, and scratch reinforcement was evaluated like the example 1. The result is shown in Table 5. 
[0080] 

[Table 5] 
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[0081] The member of the examples 16 and 17 of a comparison with more C than the presentation of 
this invention had weak scratch reinforcement. 

[0082] The sample of the member which the <example 21> base material was changed into the tool rope 
SKD11 (JIS), and also covered the DLC film like examples 1-17 was obtained, and scratch 
reinforcement was evaluated like the example 1. Consequently, the same result was obtained according 
to the used interlayer configuration. 

[0083] The sample of the member which the <example 22> base material was changed into cemented 
carbide M63S (trade name by Sumitomo Electric Industries, Ltd.), and also covered the DLC film like 
examples 1-17 was obtained, and scratch reinforcement was evaluated like the example 1. Consequently, 
the same result was obtained according to the used interlayer configuration. 

[0084] The sample of the member which the DLC film was formed so that flow rate 5SCCM and N02 
might be introduced by flow rate 5SCCM, CH4 might be introduced in flow rate 4SCCM and it might 
become 1 micrometer of thickness about the <example> 23 Si (OCH3), and also covered the DLC film 
like the example 1 was obtained, and scratch reinforcement was evaluated like the example 1 . [ 4 ] 
Consequently, the same result as an example 1 was obtained. In addition, the presentation of the DLC 
film was 0.13 0.15O0.26Ns of CH0.13Si. 

[0085] <Example 24> CH4 was introduced in flow rate 10SCCM, the sample of the member which the 
DLC film was formed so that it might become 1 micrometer of thickness, and also covered the DLC 
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film like the example 1 was obtained, and scratch reinforcement was evaluated like the example 1. 
Consequently, the same result as an example 1 was obtained. In addition, the presentation of the DLC 
film was CH0.25. 

[0086] Aging of the power supplied to each target in < example spatter of 25> 2 yuan was carried out, 
the interlayer was formed, the sample of the member which the base material side should have much Ti, 
and it should have inclination structure with much Si in the DLC film side, and also covered the DLC 
film like the example 1 was obtained, and scratch reinforcement was evaluated like the example 1. The 
average of the presentation from the interface to which the average of the presentation from the interface 
which touches a base material to lOnm touches TiSi 0.1 and the DLC film at this time to lOnm was 
TiSil2. 

[0087] The scratch reinforcement of this member in which the middle class has inclination structure was 
240mN(s), and its adhesion was higher than the member (scratch on-the-strength 210mN) of the 
example 1 with the middle class's uniform presentation. 

[0088] Aging of the power supplied to each target in < example spatter of 26> 2 yuan was carried out, 
the interlayer was formed, the sample of the member which the base material side should have much Ti, 
and it should have Si and inclination structure with much C in the DLC film side, and also covered the 
DLC film like the example 9 was obtained, and scratch reinforcement was evaluated like the example 1. 
The average of the presentation from the interface to which the average of the presentation from the 
interface which touches a base material to lOnm touches TiSiO.lC 0.1 and the DLC film at this time to 
lOnm was TiSi8C8. 

[0089] The scratch reinforcement of this member in which the middle class has inclination structure was 
240mN(s), and its adhesion was higher than the member (scratch on-the-strength 210mN) of the 
example 9 with the middle class's uniform presentation. 
[0090] 

[Effect of the Invention] According to this invention, the adhesion of a base material and the DLC film 
can be raised and the life of the member which covered the DLC film can be lengthened. Moreover, 
since what is necessary is just to form one layer of interlayers, productivity can also improve. 



[Translation done.] 
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